Using a coupled channel unitary approach, combining the heavy quark spin symmetry and the dynamics of the local hidden gauge, we investigate the meson-baryon interaction with hidden beauty and obtain several new states of N * around 11 GeV. We consider the basis of states 
I. INTRODUCTION
The advent of the quark model allowed to put much order into the plethora of elementary particles and resonances. During much time the quark model with three quarks for the baryons andfor the mesons was the standard picture. The panorama evolved with the time, giving rise to more complex configurations and even pentaquarks and heptaquarks for the baryons or tetraquarks for the mesons (see recent reviews in [1] [2] [3] ). Yet, the growing number of states and accumulation of data has revealed that there are even more complex structures. A turning point in this direction was the introduction of chiral dynamics to study meson-meson and meson-baryon interaction, which produced as a surprise that many known resonances, called dynamically generated, were coming as a natural consequence of the hadron-hadron interaction, much is the way as the deuteron appears as a simple bound state of a proton and a neutron. By evaluating the kernel from the chiral Lagrangian [4] [5] [6] [7] [8] [9] , the coupled channel approach implementing unitarity explains successfully the experimental data and properties of the light scalar mesons [10] [11] [12] , a 0 (980), f 0 (980), σ, κ, etc, and the light baryons [13] [14] [15] [16] [17] [18] , two Λ(1405), Λ(1670), N * (1535), ∆(1620), etc. Extrapolation of this dynamics to the charm sector has also produced many meson states, as the D * s0 (2317), D * 0 (2400), X(3700), X(3872), etc [19] [20] [21] [22] [23] , as well as baryon states like the Λ c (2595) [24] [25] [26] . When the interaction involves vector mesons, the natural extrapolation is the use of the local hidden gauge Lagrangians [27] [28] [29] [30] , which include pseudoscalar and vector mesons, incorporating chiral symmetry and providing the interaction of the vector mesons, or vector mesons with baryons (see recent review [31] ).
Under the SU(3) symmetry, the local hidden gauge Lagrangian with the coupled channel unitary approach can explain the structure, properties and dynamics of many states which are confirmed in the Particle Data Group (PDG) [32] . With this formalism, the ρρ interaction is studied in [33] , and provides a natural explanation of the meson states f 0 (1370) and f 2 (1270) and obtains the masses and widths of the two particles in fair agreement with experimental results. Along the same line, the work of [34] successfully finds 11 states in the vector meson-vector meson interaction, five of which are identified as f 0 (1370), f 0 (1710), f 2 (1270), f 2 (1525), and K * 2 (1430), reported in the PDG and regarded as molecular states, and the other ones are predictions. An extension of this method to the case of the nonet of vectors interacting with the decuplet baryons is done in [35, 36] , dynamically generating some resonances found in PDG. Turning to the vector nonet-baryon octet interactions, there are results obtained about J P = 1/2 − , 3/2 − particles in the work of [37] . Extension of these ideas to incorporate simultaneously pseudoscalar mesons, vector mesons and baryons is done in [38] [39] [40] [41] . The meson-meson interaction with charm is studied in [42] [43] [44] , which dynamically generates the particles D * 2 (2460), X(3940), Z(3940), X(4160) and D * s2 (2573). For the meson-baryon interaction, the works [45, 46] extrapolate the hidden gauge formalism with the coupled channel approach to the hidden charm sector, and dynamically generate some narrow N * and Λ * resonances around 4.3 GeV, not listed in the PDG. Analogously, the work of [47] extends this later formalism to the hidden beauty sector and also predicts several N * and Λ * states with narrow width and energies around 11 GeV.
On the other hand, in the heavy quark sectors there is another symmetry, heavy quark spin-flavour symmetry as stated in [48] [49] [50] [51] , or heavy quark spin symmetry (HQSS) as described in [52] , which predicts an η in [54] [55] [56] [57] , predicting six hidden charm states as HQSS partners of the DD * bound state, X(3872), two of which are assumed to be X(3915), a D * D * molecular state, and Y (4140), a D * sD * s molecular state. Under the SU(8) spin-flavour symmetry requirement, within the framework of the unitary coupled channel approach, the meson-baryon interactions are studied in [58] [59] [60] [61] [62] , and some charmed and strange baryon resonances are produced dynamically in their theoretical models. A step forward in this direction is given in [63] combining the local hidden gauge formalism and HQSS, and using a the unitary coupled channel method, making a prediction of four hidden charm states with relatively small widths. In the present work, we extrapolate this later approach to the hidden beauty sector. We also propose a natural way to regularize the loops which removes ambiguities encountered in other works [47] , and find 7 dynamically generated states with hidden beauty, with small widths, some of them degenerate in spin, which present a challenge for experimental investigation.
II. HQSS AND LOCAL HIDDEN GAUGE FORMALISM
Following the work of [63] , we extrapolate the formalism to the hidden beauty sector by just changing theD meson to a B meson and c-quark to b-quark. Therefore we can study baryons with hidden beauty with isospin I = 1/2, 3/2, and spin J = 1/2, 3/2, 5/2. We take as coupled channels states with η b , Υ and a N or a ∆, and states with B, B L = J − S bb and then in the HQSS basis the matrix elements fulfil
where ℓ B , ℓ M are the spins of the light quarks in the baryon and meson respectively under consideration (see [63] for details). By changing from the physical meson-baryon basis to the one of the HQSS states and evaluating the transition matrix elements between the physical states, using Eq. (1) one obtains the same structure as found in [63] which we reproduce below for the explicit states of the present problem.
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λ 12 [63] , which are determined by the local hidden gauge formalism, analogously we extrapolate the local hidden gauge formalism to the beauty sector as done in [47] .
In the formalism of the local hidden gauge, the Lagrangians involving the exchanged vector mesons are given by
where g = m V /(2f ) with f = 93 MeV the pion decay constant and taking m V = m ρ . The magnitude V µ is the SU(4) matrix of the vectors of the meson 15-plet + singlet, P the SU(4) matrix of the pseudoscalar fields, and B stands for the baryon fields in SU(4) as done in [45, 46] . Starting from these Lagrangians, the P B → P B and V B → V B interaction can be shown using the Feynman diagrams by exchanging a vector meson between the pseudoscalar or the vector meson and the baryon, as depicted in Fig. 1 . Note that since the mesons are of the type ub, etc, then one is exchanging light vectors of type uū, etc, and the heavy quarks are spectators. Note also that the possible exchange of bb (Υ) is strongly suppressed because of the heavy Υ mass. Thus, one can see there one of the characteristics of the HQSS symmetry where this interaction is also independent of the flavor of the heavy quarks, since there are just spectators. Using the local hidden gauge approach, one can evaluate the interaction potentials of SU(4), shown in Fig. 1 , which has this form
where k 0 , k ′0 are the energies of the incoming and outgoing mesons (for the vector mesons, we have ignored the factor ǫ ǫ ′ , following the discussion in [63] ), and C ij are coefficients given there. Thus, combining these matrix elements with the HQSS requirements, for the matrix elements of Eq. (2) in the J = 1/2, I = 1/2 sector, we obtain the values for the parameters of the low energy constants for J = 1/2, I = 1/2, analogously to the ones in [63] . Thus, we obtain
where p B * is the four momentum of B * in the V V V or P P V vertex (which will be discussed later). Thus, µ 12 is small because of the much heavier B * exchanged. But we keep it since this term is the only one that allows the scattering
Similarly, the matrix of Eq. (3) for J = 1/2, I = 3/2 is given by
Because the coefficients µ (5) and Eq. (7) share the same parameters as Eq. (13).
III. THE COUPLED CHANNEL APPROACH
The scattering matrix is evaluated by solving the coupled channels Bethe-Salpeter equation in the on shell factorization approach of [14, 64] 
where the kernel V has been discussed in the former section and the propagator G is the loop function of a meson and a baryon, which is given by
where M P , M B are the masses of meson and baryon respectively, q is the four-momentum of the meson, and P is the total four-momentum of the meson and the baryon, thus, s = P 2 . The integration for the G function, Eq. (15), is logarithmically divergent. There are two methods to regularize it. One is the dimensional regularization and the analytic expression can be seen in [64] with a scale µ and the subtraction constant a(µ) as free parameter,
where q cm the three-momentum of the particle in the center mass frame. The other method to regularize is using a cut-off momentum performing the integration
where
, and q max is the cut-off of the three-momentum, the free parameter. Also the analytic formula of Eq. (17) can be seen in [11, 65] .
Normally in the low energy, the two regularization methods are compatible and there are relationships between these free parameters, a(µ), µ and q max (seen Eq. (52) of [66] ). At higher energies, as discussed in [47] , there are large differences even not far away from threshold (see Fig. 2 of [47] ). The cut-off method for the heavy hadrons has obvious deficiencies. Indeed, with small excitation energies where the integrand is still large, the momentum is very large. For instance, in the BΣ b channel, 100 MeV of energy correspond to 745.5 MeV/c momentum. If one takes a small cut-off of this size, as we go to excitation energies of about 100 MeV the G function blows up since there is no cancellation of the two opposite sign parts of the integrand in the principal value of the integration (see Fig. 2 ). The physics of the problem should accommodate larger momentum than this. On the other hand, the use of G in dimensional regularization has its own problems, since matching it to the cut-off formula at threshold develops positive values below threshold, leading to the unphysical generation of states with a repulsive potential when 1 − GV = 0. The cut-off method, however does not show this pathology since G < 0 below threshold. It is clear that one must allow larger values of q inside the integral, but on doing this, the factorization of the potential due to vector meson exchange can no longer be done as one usually does in the light sector. However, what might look like a technical inconvenience works on our favor since the q dependence of the light vector meson propagator provides a physical regularization factor. Recalling that p 0 is small for large values of p in the heavy sector, one can take
For lower momentum transfers one can take the approximation, p
We, thus, improve our formalism to solve this problem. As discussed in section VII of [67] , we can introduce a form factor to the potential,
Then one show in [67] that the T matrix factorizes like Eq. (19) and one has
and then the Lippmann-Schwinger equation becomes
but now
Once again we can put the integral equation as an algebraic equation [14] . Note that Eq. (21) has the same format as Eq. (14), but, the matrices t, v are defined by Eqs. (19) and (20) , and the loop function G(s) is changed by Eq. (22) which absorbs a momentum dependent form factor from the factorized potential. Then, the kernel v is still the same as discussed in the last section II.
IV. APPLICATION TO THE HEAVY QUARK SECTOR
In present work, we focus on the beauty sector involving much higher energy than the light quark sector, even than the charm sector. As mentioned in the former section III, because of the large value of the momentum q running in the loop, we should consider the q dependence of the vector exchange. For this we use the formalism discussed in the former section.
First, for the channels involving the light vector mesons exchange, such as BΣ b channel, the problem is that the potential has a factor which does not depend on q but just on k − q, as shown in Fig. 3 . However, we should keep in mind that while q in the loop can be larger than m V , we only study states close to threshold where the external momenta are small. Thus, we have which defines
For the main potential related to the light vector meson exchange, this form factor should be incorporated into the new G function, Eq. (22), thus, there is a factor f 2 ( q ) in the integral. With the implementation of the form factor in Eq. (22) the function G becomes convergent. In Fig. 4 , we compare the new results for Re G and Im G with the new prescription with the sharp cut-off results with q max = 800 MeV/C used in [47] . As we can see, both Re G and Im G are reduced in the new approach which leads to smaller binding of the states.
Second, we still face another problem when we have the transitions coupling the channels η b (Υ) − N(∆), which involve the much heavier vector exchange, B * . This is analogous to be η c (J/ψ) − N(∆) transition, which requires D * exchange in the charm sector. There are two cases in our coupled channel formalism, seen in consider more than one η b N loop when we evaluate the BY b unitarized amplitude. Hence, it is easy to implement this channel by also providing a form factorf ( q ) when we have an intermediate η b N state. This form factor is also easy to implement as we discuss below.
To determine the new form factor,f ( q ), we should come back to the transition potential µ 12 of Eq. (12), which takes into account the heavy B * exchange propagator,
If we calculate the four momentum p 2 B * by taking on shell approximation, we have
where the on shell energies of the particles are given by
Once again, we take into account that in the loop one can exchange large momenta with small energy transfer. Therefore, we can consider that the energy is the same but there will be an off shell momentum running. Thus, we take
where we have taken the external momentum p B ≈ 0 as before and p η b = q. Hence, for the transition potential of Eqs. (12) and (13) we shall use the on shell expression, Eqs. (25) and (26), as in the charm sector, but now in the η b N channel we should use a form factor in the loop function,f
where the on shell energies, E η b and E B , are given by Eq. (27) . In practice, for E B we take average masses of b-baryons and then have a unique form factorf ( q ). 
V. RESULTS AND DISCUSSION
In our formalism we use the Bethe-Salpeter equation of Eq. (21) in coupled channels to evaluate the scattering amplitudes, where the G function for the meson-baryon interaction is given by Eq. (22) . We firstly search the resonance peak in the scattering amplitudes and then look for poles in the second Riemann sheet when there are open channels, or in the first Riemann sheet when one has stable bound states (see [46, 68] 
for details).
Let √ s p be the complex energy where a pole appears. Close to a pole the amplitude behaves as
where g i is the coupling of the resonance to the i channel. As one can see in Eq. (30), g i g j is the residue of T ij at the pole. For a diagonal transitions we have
The determination of the couplings gives us an idea of the structure of the states found, since according to [67, 69, 70] , the couplings are related to the wave function at the origin for each channel. Similarly to the charm sector, in all I = 3/2 channels we have repulsive potentials as can be seen in Eq. (13) . So, we should not expect any bound states or resonances.
Next we show the results for the J = 1/2, I = 1/2 sector in Fig. 6 . There are three clear peaks with non zero width between the range 10950 ∼ 11050 MeV in the squared amplitudes of |T | 2 . These peaks are below the thresholds of BΣ b , B * Σ b , B * Σ * b respectively. From Eqs. (2) and (12), we know that the potentials of these channels are attractive, and the energy ranges where these peaks appear are reasonable. In Fig. 4 , one can see that the real parts of the loop function G, Eq. (22), are negative below the threshold 1 . Thus these peaks are acceptable as physical ones. We look for the poles corresponding to these peaks in the second Riemann sheet, and find the poles at (10963.04 + i8.59) MeV, (11002.81 + i19.97) MeV, (11023.55 + i22.75) MeV. We can see that the width of the first pole is about 17 MeV, and the last two ones have a width of about 40 ∼ 45 MeV, which is three times bigger than the first one. The couplings to the various coupled channels for these poles are given in Table I . From the couplings in Table I , the first pole, (10963.04 + i8.59) MeV, TABLE I. The couplings of all channels corresponded certain poles in the J = 1/2, I = 1/2 sector.
10963.04 + i8.59 We can see that the binding energies of the three poles are similar, close to 130 MeV. We can also see that all the three bound states decay mostly into the open channels η b N and ΥN, and couple most strongly to some other BY b channels. Note that the former two states correspond to those reported in [47] , which are (11052 + i0.69) MeV for the BΣ b bound state and (11100 + i0.66) MeV for the B * Σ b bound state. The difference in the binding energies with the results of [47] are at most of 90 MeV, but the uncertainties in [47] had a range within this magnitude. Here, the natural way to regularize the loops gives us a stronger confidence in the accuracy of the results obtained, but, as mentioned before, uncertainties of about 20 MeV must also be accepted in our model. The width obtained in [47] are smaller but there are more open channels in our approach and we also do not have restrictions from using a small cut-off as used in [47] in some cases. Note that in the BΣ b decay to η b N the on shell momentum is about 1300 MeV/c and will be missed if a smaller cut-off is chosen to regularized G. The small width obtained in [47] comes mostly from decay to light channels [45, 46] that we neglect here. Their results show that because of higher energy in the beauty sector, these light channels have a small influence on the two bound states decay width. In our present work, we include two open channels constrained by the HQSS, η b N and ΥN, which play an important role for the the decay width. This is why we get a wider decay width.
In Fig. 7 we show our results for the J = 3/2, I = 1/2 sector. From the results of respectively. The strength of the second peak is about 10 times bigger than the other two and the widths are small enough to allow the peaks to show up clearly. In the second Riemann sheet, we find the poles at (10984. 43 Finally, as shown in Fig. 8 , we also search a new state in the J = 5/2, I = 1/2 sector, which is a bound state of B * Σ * b around (11026.10 + i0) MeV. From Fig. 8 , we can see that, this state has no width, as it corresponds to a single channel, B * Σ * b , seen in Eq. (6) . Then it is a bound state of this channel and has no other channels to decay. Therefore we can look for the pole in the first Riemann sheet with zero width. One can see that the state is bound by about 133 MeV with respect to the B * Σ * b threshold. We have seen that our procedure to regularize the loops allows sufficiently large momenta to get the imaginary part of the loops of the decay channels. Thus, we get a good estimate of the width of the states. Yet, we would like to make some estimate for the uncertainties in the masses of the states obtained. For this purpose we introduce a sharp cut off of q max = 800 MeV, as suggested in [47] , in addition to the natural form factors from vector exchange that we have. Because of the caveat about the imaginary parts, we only look at the real parts. We observe that systematically the states are less bound. They are now bound by about 50 MeV. The experimental finding of some of the states predicted would allow us to be more refined on the regularization procedure, but for the time being we can accept the differences in the binding energies as uncertainties of our theoretical approach. We thus conclude that the states found would be bound by about 50 − 130 MeV and the widths are of the order of 6 − 45 MeV.
VI. CONCLUSIONS
In present work we investigate the hidden beauty sector by combining the dynamics of the local hidden gauge Lagrangians extrapolated to SU(4) with the constraints of Heavy Quark Spin Symmetry. We also benefit from the high energies of the problem and find a natural way to regularize the loops using the range provided by the light vector masses, whose exchange in the t-channel provide the source of the interaction in the local hidden gauge approach.
After our investigation, we find seven new states of N * with hidden beauty. All these states are different since they correspond to different energies or different total spin J. Yet, we found that some states are bound states of the same given meson-baryon channel and appear at about the same energy but different J, which are analogous to those found in our former work on hidden charm. Thus, they are degenerate states that we get in J = 1/2, 3/2 for B [47] . Besides, we found no states in I = 3/2. We hope that the future experiments in the BES, BELLE, FAIR and other facilities will search for these states predicted here.
